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海北高寒草甸土壤有机碳同位素组成
及C3öC4 碳源的变化
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摘　要Π通过对高寒嵩草草甸土壤剖面不同深度; 0～ 5 cm Κ5～ 15 cm Κ15～ 25 cm Κ25～ 35 cm Κ35～ 50 cm Κ50～ 65

cm Γ有机碳稳定性碳同位素的测定发现Κ土壤有机碳稳定性同位素; ∆13CΓ随土壤深度的增加而变大Λ 表层土壤; 0～

5 cm Κ定义为现代土壤Γ的 ∆13C 值最小Κ基本上接近现代植被的碳同位素特征Λ 在土层 5～ 10 cm 深度以下;粗略地

定为古土壤ΓΚ土壤有机碳稳定性同位素骤然上升Κ与表层土壤的同位素特征明显不同Λ 考虑到影响土壤碳同位素

的诸多因素Κ通过稳定性碳同位素的质量平衡模型计算Κ得出初步结果Π来自 C4;或CAM Γ植物的碳源随土壤深度

的增加而增大Λ进一步推测Κ该地区植被可能经历由 C4 植物占优势的群落向C3 植物占优势的群落演化的过程Λ在

这个过程中Κ大气碳同位素的变化和土壤有机质的形成过程;有机质淋溶过程Γ等也会引起土壤碳同位素的升高Κ

因此质量平衡模型可能会过多地估算 C4 组分Κ而低估C3 组分Λ
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中图分类号ΠQ 948. 113　　　文献标识码ΠA

Stable Carbon Isotop ic Com posit ion in So il Organ ic Carbon and C3öC4 Source

Var ia tion s a t the Ha ibe i A lp ine M eadow
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AbstractΠStab le carbon iso topes of o rgan ic m at ter o rig inated from differen t so il layers ; 0～ 5 cm Κ 5～ 15

cm Κ 15～ 25 cm Κ 25～ 35 cm Κ 35～ 50 cm Κ 50～ 65 cm Γw ere invest iga ted in the H aibei A lp ine M eadow E2
co system R esearch Sta t ion of the Ch inese A cadem y of Sciences. T he p relim inary resu lts ind ica ted that ∆13C

values of so il o rgan ic m at ter increased w ith increased so il dep th. ∆13C of so il o rgan ic carbon in 0～ 5 cm lay2
er show ed the low est valueΚ - 25. 09‰Μw h ile 50～ 65 cm so il layer po ssessed the low er ∆13 C valueΚ
- 13. 87‰. Based on m ass balance model of stab le iso topesΚ it w as p ropo sed that the percen tage of C 4 car2
bon sou rce tend to increase w ith increased so il dep th. T he p relim inary study indica ted that a lp ine m eadow

m igh t have undergone a successive p rocess from C42dom inated comm un ity to C 32dom inated one. How everΚ

changing ∆13C values in atmo spheric CO 2 overt im e and differen t p rocesses of so il o rgan ic carbon fo rm at ion

;o r eluvia t ion Γm igh t som ew hat con tribu te to increasing ∆13C values. In th is caseΚm ass balance model

w ou ld underest im ate C3 comm un ity and overest im ate C 4 comm un ity.
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　　A gren et a l. [1 ] recen t ly have po in ted ou t that

the iso top ic compo sit ion of so il o rgan ic carbon

; SOCΓ is a pow erfu l characterist ic of the develop2
m en t of so il o rgan ic m at ter. It is w ell estab lished

that the natu ra l carbon iso tope compo sit ion of so il

o rgan ic m at ter varies w ith so il dep th [2Κ3 ]. ∆13C val2
ues of SOC have been p reviou sly u sed to docum en t

sh if ts in comm un ity compo sit ion and dist ribu2
t ion [4 ]　. Stab le carbon iso topes of so il o rgan ic m at2
ter w as con sidered direct ly rela ted to iso top ic sig2
natu res of vegeta t ion s on it [5～ 10 ]. D ifferen t vegeta2
t ion s w ill genera te d ifferen t stab le carbon iso top ic

signatu res of so il o rgan ic carbon [11 ]. It is w ell

know n that C3 and C 4 p lan ts po ssess sign if ican t ly

differen t stab le carbon iso top ic signatu resΚ and

stab le carbon iso top ic ra t io s of C 3 p lan ts range

from - 17‰ to - 11‰ and C 4 p lan ts from - 34‰

to - 25‰[12Κ13 ]. Becau se the ∆13C value of so il o r2
gan ic m at ter is app rox im ately equal to that of the

p lan t m ateria l from w h ich it o rig inates[14 ]Κ the iso2
top ic compo sit ion of so il o rgan ic carbon ; SOCΓcan

be u sed to indica te w here vegeta t ion has sh if ted

from dom inance by one pho to syn thet ic pathw ay

type to the o ther [2 ]. T h is d ifference in stab le car2
bon iso top ic ra t io s betw een pho to syn thet ic types

can be u sed to quan t ify the p ropo rt ion of C3 and C 4

species con tribu t ing to a m ix tu re of p lan t m ateri2
al[15～ 17 ]. T he ∆13 C value of so il o rgan ic m at ter

shou ld also reflect the rela t ive impo rtance of C 3 and

C 4 p lan ts in the comm un ity. T heo ret ica llyΚ the

∆13C value of the so il o rgan ic m at ter shou ld be i2
den t ica l to the ex ist ing vegeta t ion at a site if ; 1Γ
the ex ist ing vegeta t ion has rem ained unchanged fo r

a period equal to that of the o ldest carbon in the

so il p rofileΜ; 2Γ the ∆13C value of a tmo spheric CO 2

has rem ained con stan t w ith t im eΜ; 3Γ no fract iona2
t ion of carbon iso topes has taken p lace in the so il

as a resu lt of either decompo sit ion p rocesses o r d if2
feren t ia l p reservat ion of p lan t b iochem icals. If as2
sump tion s 2 and 3 ho ld true and there is a d iffer2
ence in the ∆13C value betw een the so il and the veg2
eta t ionΚ then in all likelihood there has been som e

degree of compo sit ional change in the C3öC 4

b iom ass of the comm un ity [18 ]. Based on th is ac2
know ledgem en tΚw e can re2evaluate rela t ive abun2
dances of C3 and C 4 p lan ts in so il o rgan ic carbon

even vegeta t ion varia t ion h isto ry u sing stab le car2
bon iso top ic pat tern s of so il derived from differen t

so il dep th.

A lp ine m eadow eco system Κ p revailing over

Q inghai2T ibet P la teauΚ : the th ird po le of the

w o rldΦΚm ade itself the ideal p lace fo r the research

of st ructu reΚ funct ion of a lp ine m eadow eco sys2
tem. Q inghai2T ibet P la teau has undergone a long2
term up lif t and succession. To reveal vegeta t ion

p ropert ies is d iff icu lt via t rad it ionalm easu res. P re2
lim inary study [19 ] revealed that no C4 p lan ts found

at the alp ine m eadow. Stab le carbon iso topes of

paleo so ls w ou ld indica te the abundance of C 4 p lan ts

in vegeta t ion h isto ry of a lp ine m eadow. How ever

stab le carbon iso tope has been u sed to invest iga te

vegeta t ion varia t ion sΚ there are st illmo re p rob lem s

to handleΚ such as rela t ion sh ip betw een carbon iso2
tope of modern so il and vegeta t ion eco logy and car2
bon iso tope fract ionat ion du ring succession from

paleo so ls to modern so ils. In th is studyΚ ∆13C val2
ues of so il o rgan ic carbon w ere invest iga ted to re2
veal vegeta t ion varia t ion h isto ry at the alp ine

m eadow compared w ith ∆13 C values of modern

p lan ts.

1　M ateria ls and m ethods

1. 1　Study loca tion

T he study w as conducted in the H aibei A lp ine

M eadow Eco system R esearch Sta t ion ;HAM ER SΓ
of Ch inese A cadem y of Sciences. It w as estab lished

in 1976 in o rder to understand the st ructu re and

funct ion of a lp ine m eadow eco system Κ fo rm and

developm en t of b io2diversityΚ the adap t ive and evo2
lu t ionary stra teg ies of speciesΚ and the impact of

g lobal changes on grassland eco system. T he

HAM ER S has been expanding as a open field sta2
t ion of CA S in 1988Κone of the key sta t ion s of the

Ch inese Eco system R esearch N etw o rk ;CERN Γ in

1992Κ the un ique research sta t ion of In ternat ional

T undra Experim en t ; IT EXΓ in 1998Κa m em ber of
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In ternat ional Cen ter fo r In tegra ted M oun ta in D e2
velopm en t ; IC IM OD ΓΚand N o rthern Sciences N et2
w o rk ;N SN Γ in 1999.

T he HAM ER S is situa ted in the no rtheast of

Q inghai2T ibet P la teau at an alt itude of 3 200 m Κ
37°29′～ 37°45′N Κ101°12′～ 101°33′EΚw ith an av2
erage annual tempera tu re - 1. 7℃. T here is no ap2
paren t fou r season s w ith on ly w arm season from

M ay to O ctober and co ld season from N ovem ber to

A p ril. T he annual average air tempera tu re is

- 1. 7℃w ith ex trem es of m ax im um at 27. 6℃ and

m in im um at - 37. 1℃. D u ring w in ter mon th sΚ the

average temperatu re can drop to - 15℃ to - 20℃

in h igh land area. In summ erΚ the average tempera2
tu re in the w arm est mon th ;Ju lyΓ is 14℃ to 22℃

in the valleys and 4℃ to 10℃ in the moun ta in s.

A verage annual p recip ita t ion ranges from 426～ 860

mm Κ 80% of w h ich fa lls in the sho rt summ er

grow ing season from M ay to Sep tem ber. T he an2
nual average sun ligh t is 2 462. 7 hou rs w ith 60. 1%

of to ta l availab le sun sh ine.

T he so il types of the HAM ER S are dom inated

by mo llic2gryic cam b iso ls and m atcryo2sod so il in

th ree rich elem en ts as n it rogenΚ pho spho ru s and

po tassium. T hey are characterized by h igher o r2
gan ic m at ter con ten tΚa th inner so il layerΚand low 2
er m inera liza t ion ra te.

1. 2　∆13C m ea surem en ts of so il and plan t organ ic

carbon

　　So il samp les w ere co llected from K obresia hu2
m ilis m eadow u sing a pu sh p robe at 5～ 10 cm in2
crem en ts to a dep th of 65 cm. Six sets of samp les

w ere co llected random ly du ring the exuberan t sea2
son ; Ju ly to A ugu stΓ in 2002. So il samp les w ere

separa ted from live roo ts and air2dried indoo rs to

con stan t m ass in an oven at 70℃Κ and ground to

pass a 2 mm sieve. Ino rgan ic carbon2free samp les

; samp les fo r SOC ∆13C analysis w ere trea ted w ith 1

mo l·L - 1 HC l at 25℃ fo r th ree days to remove

carbonate C Γ and finely grounded p lan t samp les

w ere dispatched to F inn igan M A T ;Berm enΚ Ger2
m any ΓD EL TA PLU S XL iso top ic ra t io spectrom eter

under EAM S ; E lem en t analyzer and m ass spectro2
m eter Γ condit ion s. In terface betw een elem en t2
analysis m eter and spectrom eter is Conflow III

; con t inuou s flow IIIΓ. Opera t ion condit ionΠ ox i2
dizing fu rnace temperatu re is 900℃Κ reducing fu r2
nace is 680℃Κ p illar tempera tu re is 40℃. Stan2
dards con sist of the Peedee Belem n ite ; PDB Γ fo r2
m ation from Sou th Caro linaΚU SA. T he resu lts are

exp ressed in ∆13C rela t ive to the PDB standard in

the conven t ional ∆per m il no ta t ion as fo llow sΠ
∆13C = [ ; 13Cö12CΓsö; 13Cö12CΓsta - 1 ]×1000Κ

w here 13　Cö12C are the iso top ic ra t io s of samp le ; sΓ
and PDB standard ; sta Γ. T he overa ll ; samp le

p repara t ion p lu s analysisΓanalyt ica l p recision is ±

0. 2‰.

2　R esu lts

2. 1　∆13C va lues of m odern plan ts

O ne hundred and tw o p lan t speciesΚ rep re2
sen t ing 70 genu s and 25 fam ilies have been exam 2
ined. T he resu lts show ed that the ∆13C values of a ll

p lan t species m easu red had a narrow range from

- 28. 24‰to - 24. 84‰ and averaged at - 26. 51‰

; T ab le 1ΓΚw h ich indica ted no C 4;o r CAM Γp lan ts

found at the alp ine m eadow Κ all p lan t species per2
fo rm C 3 pho to syn thet ic pathw ay.

Table 1　∆13C values of modern plan ts grown at the a lp ine meadow

Fam ily Ranges of ∆13C value ;‰Γ Fam ily Ranges of ∆13C value ;‰Γ

Bo raginaceae ; 2Γ3 - 27. 44～ - 26. 13 P rim ulaceae ; 2Γ - 27. 12～ - 26. 41
Chenopodiaceae ; 1Γ - 26. 17 Ranuncu laceae ; 8Γ - 27. 09～ - 25. 32
Compo sitae ; 13Γ - 28. 24～ - 25. 12 Ro saceae ; 6Γ - 26. 51～ - 25. 84
C ruciferae ; 3Γ - 27. 52～ - 26. 19 Rubiaceae ; 2Γ - 25. 93～ - 25. 74
Cyperaceae ; 10Γ - 27. 63～ - 26. 13 Salicaceae ; 1Γ - 25. 82
D ip sacaceae ; 1Γ - 25. 25 Scrophu lariaceae ; 6Γ - 28. 20～ - 24. 87
Equ isetaceae ; 1Γ - 25. 32 T hym elaceae ; 1Γ - 24. 97
Gen tianaceae ; 12Γ - 28. 11～ - 26. 03 Um belliferae ; 2Γ - 27. 62～ - 25. 36
Gram ineae ; 11Γ - 27. 45～ - 24. 87 V io laceae ; 1Γ - 25. 45
Iridaceae ; 1Γ - 26. 47 L iliaceae ; 1Γ - 27. 86
L ab iatae ; 3Γ - 26. 92～ - 25. 79 Papaveraceae ; 3Γ - 28. 22～ - 27. 16
L egum ino sae ; 6Γ - 27. 75～ - 24. 84 P lan taginaceae ; 1Γ - 26. 13
Po lygonaceae ; 4Γ - 27. 74～ - 26. 06 A verage - 26. 51

　　N o teΠ3 D ata in paren theses indicate num bers of p lan t species m easured.
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2. 2 　 ∆13 C va lues of d ifferen t so il layers a t the

a lp ine m eadow

　　T ab le 2 show ed that the 025 cm SOC w as en2
riched w ith the heavier iso tope ; ∆13C = - 25. 09‰Γ
rela t ive to the p lan t samp les by app rox im ately

1. 4‰ ; 102 p lan ts invest iga ted show ed C 3 pho to syn2
thet ic pathw ay and po ssessed ∆13 C values ranged

from - 28. 24‰ to - 24. 84‰Κ and averaged at

- 26. 51‰Γ. How everΚ∆13C values of paleo so l ; 5～

65 cm Γ o rgan ic carbon ranged from - 21. 73‰ to

- 13. 87‰Κ w h ich w ere sign if ican t ly h igher than

the average ∆13 C value of modern vegeta t ion and

modern so il ;O ne2Samp le T estΚ t = 4. 914Κdf = 4Κ
P = 0. 008Κand t= 3. 941Κdf = 4ΚP = 0. 017 re2
spect ivelyΓ.

Table 2　∆13C values of organ ic carbon in differen t

so il layers at the a lp ine meadow

So il layers; cm Γ ∆13C values ;‰Γ SD

0～ 5 　- 25. 09 ; 6Γ3 0. 04
5～ 15 - 21. 73 ; 6Γ 0. 25

15～ 25 - 21. 65 ; 6Γ 0. 07
25～ 35 - 20. 53 ; 6Γ 0. 17
35～ 50 - 18. 93 ; 6Γ 0. 11
50～ 65 - 13. 87 ; 6Γ 0. 10

N o teΠ3 Samp le size

3　D iscu ssion

3. 1　D ef in it ion of m odern so ils and pa leosols

W e ten ta t ively defined 0～ 5 cm layer as mod2
ern so il layer becau se their ∆13C values did no t show

sign if ican t d ifference betw een tho se of modern

p lan ts ;O ne2Samp le T estΚ t = - 1. 419Κ df =

101Κ P = 0. 159Γ. T he o ther 5～ 65 cm so il w ere

defined as paleo so l due to their sign if ican t h igher

∆13C values compared w ith modern p lan t ∆13C values

;O ne2Samp le T estΚ t = - 40. 233Κ df = 101Κ P

= 0. 000ΜO ne2Samp le T estΚ t = - 41. 147Κdf =

101Κ P = 0. 159Μ O ne2Samp le T estΚ t =

- 54. 082Κ df = 101Κ P = 0. 159ΜO ne2Samp le

T estΚ t = - 72. 560Κdf = 101ΚP = 0. 159ΜO ne2
Samp le T estΚ t = - 130. 997Κ df = 101Κ P =

0. 159Κ respect ivelyΓ.

3. 2　Ba sis of ∆13C va lues of so il to revea l vegeta-

t ion var ia tion h istory

　　Stab le carbon iso topes of so il o rgan ic m at ter

w as direct ly rela ted to iso top ic compo sit ion of vege2

ta t ion s grow n on it [7Κ8Κ10 ]. D ifferen t vegeta t ion s w ill

resu lt in d ifferen t stab le carbon iso top ic signatu res

of so il o rgan ic m at ters[11 ]. ∆13 C values of modern

so il o rgan ic carbon and modern vegeta t ion are sim i2
la r even iden t ica l due to that modern so il o rgan ic

carbon m ain ly derived from modern vegeta t ion.

T he difference betw een them is rela ted to m icroo r2
gan ism resp ira t ion and m inera liza t ion after death of

p lan ts. Stab le carbon iso top ic fract ionat ion du ring

tran sfo rm at ion of p lan t lit ter to so il o rgan ic m at ters

shou ld be concerned. It w as repo rted that carbon

fract ionat ion cau sed by so il and m icroo rgan ism res2
p ira t ion is very sm all[20 ]Κ i. e. Κ abou t 1‰～ 2‰Κ

w h ich w ou ld resu lt in elevat ion of ∆13 C values of

modern so il o rgan ic carbon [18Κ20Κ21 ]. R ecen t study [22 ]

demon stra ted that stab le carbon iso top ic fract iona2
t ion m ain ly occu rred at the beginn ing of decompo si2
t ion of p lan t lit ter and w ou ld rem ain stab le after de2
compo sit ion. So il o rgan ic m at ters are compo sed of

carbon derived from p lan tΚ bacteria and w ater o r2
gan ism s. Som e studies[23Κ24 ] have show ed that bac2
teria and w ater o rgan ism s con tribu ted lit t le carbon

to so il o rgan ic m at ters and cou ld be neglected.

Based on these invest iga t ion sΚ it w as reasonab le to

p ropo se that it w as effect ive and ob ject ive to u t ilize

carbon iso tope of paleo so ls to recovery vegeta t ion

h isto ry.

3. 3　Use of ∆13C va lues to revea l C3öC4 sources of

so il organ ic carbon

　　Becau se so il o rgan ic carbon is o rig inated from

vegeta t ion on itΚ the pho to syn thesis pathw ays of

p lan tsΚ air p ressu reΚ ∆13 C values of a tmo sphereΚ

tempera tu reΚ so lar rad ia t ionΚand so il mo istu re w ill

inf luence ∆13 C values of so il o rgan ic carbon [25～ 28 ].

T h is p rovides u s a basis to infer vegeta t ion succes2
sion at the alp ine m eadow. A fter 5～ 15 cm so il lay2
erΚ∆13C values of so il o rgan ic carbon ;paleo so l lay2
ersΓm ain ta ined steady and ranged from - 21. 73‰

to - 13. 87‰. T he ab rup t elevat ion of ∆13C values

of so il o rgan ic carbon indica ted that there m u st be

som e carbon sou rce w ith h igher ∆13C values adding

to the deeper layersΚ i. e. Κ C4 o r CAM sou rces.

Based on m ass balance model of stab le carbon iso2
topeΚ 2. 78% Κ 25. 03% Κ 25. 56% Κ 32. 98% Κ
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43. 58% Κ and 77. 09% of carbon from C 4 o r CAM

sou rces w ou ld be inco rpo ra ted in to modern and pa2
leo so l o rgan ic carbon poo lΚ respect ively ; T ab le 3Γ.

M odern so il layer ; 0～ 5 cm Γat a lp ine m eadow on ly

con ta ined 2. 78% o rgan ic carbon from C4 sou rceΚ

w h ich w as acco rdan t w ith ou r p reviou s w o rk [19 ] and

the resu lts of W ang and Yang [29 ]. T hese data firm 2
ly indica ted that modern so il o rgan ic carbon w as

m ain ly o rig inated from C 3 p lan tsΚ ra ther than C 4

p lan ts as revealed by ∆13C values of so il o rgan ic car2

bon and modern vegeta t ion. O n the con traryΚ ∆13C

values of so il o rgan ic carbon ; beneath 5～ 15 cm

layerΓ tended to increase w ith so il dep th sΚp ropo r2
t ion of C4 con tribu t ion increased w ith dep th reach2
ing app rox im ately 77. 09 % at the 50～ 65 cm

dep thΚ w h ich info rm ed u s that there m igh t have

been a dom inan t du ra t ion fo r C 4 p lan ts and C 4

p lan ts m igh t have undergone a long t im e to de2
crease.

Table 3　Percen tage of so il organ ic carbon der ived from C4 plan ts3

So il layers; cm Γ ∆13C values ;‰Γ C3 p lan ts ; % Γ C4 p lan ts ; % Γ

0～ 5 - 25. 09 97. 22 2. 78
5～ 15 - 21. 73 74. 97 25. 03

15～ 25 - 21. 65 74. 44 25. 56
25～ 35 - 20. 53 67. 02 32. 98
35～ 50 - 18. 93 56. 42 43. 58
50～ 65 - 13. 87 22. 91 77. 09

　　N o tesΠ3 Calcu lation w as based on the fo llow ing equation ;m ass balance modelΓΠ∆13C so il= ∆13CC4p lant× P + ∆13CC3p lant; ; 1 2 PΓΚw here P

refers to percen tage of C4 p lan ts as carbon source to so il o rgan ic carbon. A verage ∆13C values of C4 and C3 p lan ts w ere defined as
- 12. 5‰ [11～ 13Κ30 ]　　　　 and - 26. 51‰Κ respectivelyΜw h ile ∆13C value of so il o rgan ic carbon ; ∆13C so ilΓw ere decreased by 1‰ due to
fractionation during so il resp irationΚm icroo rgan ism resp irationΚand m ineralization [20 ].

3. 4　O ther factors inf luenc ing ∆13C va lues of so il

organ ic carbon

　　A s summ arized in the in troduct ionΚ severa l

hypo theses have been p ropo sed to exp la in changing

∆13 C values w ith so il dep thΚ including changing

∆13C values in atmo spheric CO 2 overt im e and differ2
en t p rocesses of SOC fo rm at ion. O n th is po in tΚ
eluvia t ion of so il o rgan ic carbon w ou ldΚ in certa in

degreeΚcon tribu te to the elevat ion of stab le carbon

iso top ic ra t io s of so il in deeper layers. Som e re2
searches[31 ] suppo rts a C2m ix ing hypo thesis ; i. e. Κ
tha t ∆13C value in SOC are influenced by the m ix ing

of new C inpu ts w ith ex ist ing and o lder SOC

poo lsΓ. Su rface lit ter inpu ts ;w h ich have low er

∆13C values rela t ive to SOCΓΚ in com b inat ion w ith

sub su rface C inpu ts from m icrob ia l decompo sers

m ay con tribu te to a sh if t in ∆13C values w ith so il

dep th. A cco rd ing to the fract ionat ion hypo thesisΚ
SOC is en riched in ∆13C values as a resu lt of d is2
crim inat ion again st 13C and p referen t ia l u t iliza t ion

of 12C compounds by so il m icroo rgan ism s du ring

decompo sit ion [2 ]. T h is d iscrim inat ion mo st likely

occu rs du ring enzym atic react ion s associa ted w ith

m etabo lism by so il m icroo rgan ism s. A ssum ing

that k inet ic iso tope effects p revail a t the p resence

of large availab le C poo lsΚ then compounds con2

ta in ing 12C are mo re readily m etabo lized than tho se

con ta in ing 13C [32 ]. A s a resu ltΚ residual SOC be2
com es mo re en riched in 13C [2 ]. Fu rthermo reΚ the

: Suess effectΦ[33 ]Κw h ich is essen t ia lly a dilu t ion of

a tmo spheric 13CO 2 by 12CO 2 from fo ssil fuel com 2
bu st ion and b iom ass bu rn ingΚ cou ld have con2
t ribu ted to low er ∆13C values in su rface so il by low 2
ering ∆13C values in p lan tΚ lit ter inpu ts[34 ]. T he re2
cen t addit ion of CO 2 dep leted in 13CΚ from b iom ass

bu rn ing and fo ssil fuel com bu st ionΚ has changed

the annual average ∆13C value of a tmo spheric CO 2

from - 6. 5‰ to abou t - 7. 8‰. T he : Suess

effect Φ cou ld be part ly respon sib le fo r changing

∆13C values w ith so il dep th [3 ]. In th is caseΚ the

m ass balance model w ill underest im ate C 3 comm u2
n ity and overest im ate C4 comm un ity. T here is st ill

room rem ained fo r evaluat ing p lan t comm un ity

varia t ion at the alp ine m eadow.

In summ aryΚanalysis on stab le carbon iso tope

values of so il o rgan ic carbon w ill p rovide direct

chem ical evidenceΚw h ich w ill a llow accep tance o r

reject ion of the hypo thesis tha t C3 p lan ts m igh t

have rep laced C4 p lan ts a t the H aibei A lp ine M ead2
ow Eco system. In th is studyΚ ∆13C values of SOC

increased w ith dep th in a p redictab le pat tern that

serves as a su rrogate fo r d ifferen t pat tern s of C3öC 4
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sou rce in to so il o rgan ic m at ter. T he data show

that SOC ∆13C is a t im e in tegra ted signal and p ro2
vides evidence on the tempo ral C 3 and C 4 comm un i2

ty dynam ics w here these p lan t comm un it ies co2ex2
ist.
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